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(57) ABSTRACT 
An aircraft cargo restraint has a base con?gured for attach 
ment to a cargo deck. A housing is rotatably mounted to the 
base about a ?rst axis and is movable betWeen an erect posi 
tion and a stoWed position. A head is movably disposed in the 
housing, and is movable betWeen an extended position and a 
contracted position in directions that are substantially parallel 
to the ?rst axis. The restraint includes a lock con?gured to 
releasably secure the housing in the erect position When the 
head is in the contracted position, and to permit movement of 
the head from the erect position to the stoWed position When 
the head is in the extended position. 

9 Claims, 15 Drawing Sheets 
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FIG. 6 



US. Patent Aug. 2, 2011 Sheet 7 0f 15 US 7,988,391 B2 

Q) 

FIG. 8 

75 

FIG. 7 



US. Patent Aug. 2, 2011 Sheet 8 0f 15 US 7,988,391 B2 

[ 60 79 

63 

/ f\ 65 



US. Patent Aug. 2, 2011 Sheet 9 0f 15 US 7,988,391 B2 

FIG. 10 



US. Patent Aug. 2, 2011 Sheet 10 0f 15 US 7,988,391 B2 

FIG. 11 



US. Patent Aug. 2, 2011 Sheet 11 0115 US 7,988,391 B2 

20 

FIG. 12 

cargo plane 
\ n 

17 



US. Patent Aug. 2, 2011 Sheet 12 0115 US 7,988,391 B2 

inboard 

outboard 



US. Patent Aug. 2, 2011 Sheet 13 0f 15 US 7,988,391 B2 

70 
71 / 
kn 63 
3 7 Outboard 

--——> 

7/ 

FIG. 14A 

75 

%\71 63 \ q 

outboard 

/—/ \ 
73/_jj \ 111 

" l FIG. 14B 
1 

Inboard 
‘— L9. 

20 -/ 

inboard 

E2 

20 -/ 

inboard 
h 

/70 
63 

71 

outboard 
--—-------I* 

N 
p FIG. 14c 



US. Patent Aug. 2, 2011 Sheet 14 0f 15 US 7,988,391 B2 

200 

inboa rd‘ 

outboard 

forward 80 



US. Patent Aug. 2, 2011 Sheet 15 0f 15 US 7,988,391 B2 

211 

outboard ‘i 0 

211 

inboard 



US 7,988,391 B2 
1 

SELF-LOCKING, OVERRIDEABLE AND 
ATTENUATING CARGO GUIDE AND 

RESTRAINT 

FIELD OF THE INVENTION 

The invention relates to cargo restraints for aircraft, and 
more speci?cally relates to an overrideable and attenuating 
guide and vertical restraint that adapts to varying cargo ?oor 
displacements and automatically locks in an erect position 
When engaged by a compatible cargo container. 

BACKGROUND 

As shoWn in FIG. 1, commercial aircraft I typically carry 
cargo on pallets 2 and in large containers called unit load 
devices (ULDs) 4. Standardized ULDs 4 and pallets 2 are 
available in several different con?gurations having different 
lengths and Widths. All ULDs 4 andpallets 2 must be securely 
retained during ?ight to prevent damage to the aircraft 1 and 
the cargo and to maintain aircraft stability and balance during 
?ight. Accordingly, various types of restraint devices are used 
to laterally and vertically restrain ULDs 4 and pallets 2 in 
their stoWed positions Within an aircraft’s cargo compart 
ments. Such restraining devices are typically mounted to an 
aircraft’s cargo deck structure 7 at ?xed points that corre 
spond to the loWer edges of stoWed ULDs 4 and pallets 2. 
Based upon the particular types and sizes of ULDs 4 and 
pallets 2 to be stoWed onboard an aircraft, the positions of the 
restraint devices on the aircraft’s cargo deck 7 can vary. 

In some cases, multiple restraint devices are installed at 
points that Will accommodate various combinations of ULD 
and pallet types and sizes. For example, centerline restraints 
can be positioned along the longitudinal centerline 6 of a 
cargo deck 7, and side restraints canbe positioned in roWs that 
are parallel to and at various distances from the centerline 6, 
including along the sideWall 8 of a cargo compartment. For a 
ULD 4 that is about half as Wide as an aircraft’s cargo hold, a 
ULD 4 can be loaded and stoWed such that an inboard loWer 
edge of the ULD 4 is vertically and laterally restrained by one 
or more centerline restraints positioned along the aircraft’s 
centerline 6, and an opposed exterior loWer edge of the ULD 
4 is vertically and laterally restrained by one or more side 
restraints positioned adjacent to the aircraft’s sideWall 8. For 
a Wide ULD 4 or pallet 2 that is stoWed along an aircraft’s 
centerline 6, opposed loWer outboard edges of the ULD 4 or 
pallet 2 can be vertically and laterally restrained by opposed 
sets of side restraints positioned adjacent to the aircraft’s 
opposed sideWalls 8, for example. 

Various types of restraint devices have been developed to 
accommodate various cargo con?gurations and to facilitate 
cargo loading and unloading. For example, some restraint 
devices are designed to be manually retracted to a stoWed 
position When not used for a particular load con?guration 
such that the devices Will not interfere With the loading and 
unloading of ULDs. Some restraint devices also are override 
able such that they automatically retract to a stoWed position 
When contacted and overridden by a ULD as the ULD is being 
moved along a cargo deck. Vertical cargo restraint devices 
typically include restraint heads that extend over a protruding 
lip or edge along the base of a ULD, thus blocking upWard 
displacement of the ULD. Because restraint devices are typi 
cally positioned along the edges of cargo lanes that de?ne 
roWs of stoWed ULDs, such restraints can also function to 
guide ULDs along these lanes as the ULDs are moved along 
a cargo deck during loading and unloading. These restraints 
can also block lateral movement of stoWed ULDs. 
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2 
In some aircraft, ?exing of the aircraft’s Wings during ?ight 

can causes temporary changes to the aircraft’s cargo deck 
structure, particularly in the area of the aircraft’s Wing box. 
For example, as shoWn in FIG. 2A, doWnWard ?exure of an 
aircraft’s Wings can cause upWard boWing of the aircraft’s 
cargo deck structure. In an extreme case, this upWard boWing 
can cause outboard side vertical restraints attached to the 
cargo deck to temporarily pull aWay and possibly disengage 
from their associated ULDs. 

Conversely, as shoWn in FIG. 2B, upWard ?exure of an 
aircraft’s Wings can cause doWnWard boWing of an aircraft’s 
cargo deck structure. Such doWnWard boWing of the cargo 
deck can cause stoWed ULDs to be squeezed betWeen their 
restraints, and can result in substantial lateral loads on the 
restraint devices. In an extreme case, such lateral loads on the 
restraints may overload the aircraft’s supporting ?oor struc 
ture. 

Typically, cargo restraints are either ?xed in their operable 
upright positions (i.e. not overrideable), or are designed to 
resiliently retract from their upright positions When overrid 
den by ULDs. A restraint that is ?xed in its upright position 
can be susceptible to damage from contact With a ULD if an 
operator neglects to retract the restraint When the restraint is 
not used for a particular cargo load con?guration. Override 
able restraints can prevent such damage, but can also be prone 
to unWanted retraction upon initial contact With a compatible 
ULD. In such a case, the spring or springs used to upWardly 
bias the head of an overrideable restraint may be incapable of 
adequately resisting unWanted retraction of the restraint upon 
contact With a compatible ULD. Such unWanted retraction of 
an overrideable restraint can prevent the restraint from guid 
ing the compatible ULD as the ULD traverses an associated 
cargo lane, and can preclude restraining engagement betWeen 
the restraint and the compatible ULD. When an active 
restraint is inadvertently pulled doWn in this manner due to 
contact With a compatible ULD, the restraint and/or the ULD 
can be damaged. 

Accordingly, there is a need for a vertical cargo restraint 
that can accommodate being squeezed against a ULD Without 
transmitting damaging loads to an aircraft’s deck structure. In 
addition, there is a need for a vertical restraint device that Will 
remain engaged With a ULD even as ?exure of an associated 
deck structure acts to pull the restraint aWay from the ULD. 
Furthermore, there is a need for an overrideable vertical cargo 
guide and restraint that Will automatically lock in an erect 
position When the guide and restraint is engaged by a com 
patibly-sized ULD, and Will also automatically retract When 
overridden by an incompatible ULD. 

SUMMARY 

One embodiment of the invention includes an aircraft 
cargo restraint having a base con?gured for attachment to a 
cargo deck. A housing can be rotatably mounted to the base 
about a ?rst axis and can be movable betWeen an erect posi 
tion and a stoWed position. A head can be movably disposed 
in the housing, and can be movable betWeen an extended 
position and a contracted position in directions that are sub 
stantially parallel to the ?rst axis. The restraint can include a 
lock that is con?gured to releasably secure the housing in the 
erect position When the head is in the contracted position, and 
to permit movement of the head from the erect position to the 
stoWed position When the head is in the extended position. 

In another embodiment, an overrideable side cargo 
restraint for an aircraft can include a base and a head movably 
connected to the base. The head can be movable betWeen an 
erect position and a stoWed position and can be movable 
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between an inboard position and an outboard position When 
in the erect position. At least one pin on the head can align 
With an opening in the base When the head is in the erect 
position and can be at least partially received in the opening in 
the base When the head is in both the erect position and the 
outboard position. The pin can block movement of the head 
from the erect position to the stoWed position. 

In a further embodiment, an apparatus for at least partially 
restraining a unit load device on an aircraft can include a base 
and a head movably connected to the base. The head can be 
positionable in an erect position and in a stoWed position. 
When the head is in an erect position and is not engaged With 
a unit load device, the head can be substantially free to move 
from the erect position to the stoWed position. When the head 
is in an erect position and is engaged With a cargo container, 
the head can be prevented from moving from the erect posi 
tion to the stoWed position. 

These and other aspects and features of the invention Will 
be understood from a reading of the folloWing Written 
description together With the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of an aircraft shoWing various 
types of cargo stoWed Within the aircraft’s cargo compart 
ment. 

FIG. 2A is a schematic diagram of an aircraft illustrating an 
effect that doWnWard Wing ?exure can have on an aircraft’s 
deck structure. 

FIG. 2B is a schematic diagram of an aircraft illustrating an 
effect that upWard Wing ?exure can have on an aircraft’s deck 
structure. 

FIG. 3 is a top perspective vieW of one embodiment of a 
vertical restraint assembly according to the invention. 

FIG. 4 is a bottom perspective vieW of one embodiment of 
a vertical restraint assembly according to the invention. 

FIG. 5 is a top perspective vieW of one embodiment of a 
vertical restraint assembly according to the invention With its 
head assembly in a stoWed position. 

FIG. 6 is a perspective vieW of one embodiment of a head 
assembly portion of the vertical restraint assembly shoWn in 
FIGS. 3-5. 

FIG. 7 is a side elevation vieW of the head assembly shoWn 
in FIG. 6. 

FIG. 8 is a top plan vieW of the head assembly shoWn in 
FIGS. 6-7. 

FIG. 9 is a cross-section of a head assembly taken along 
line 9-9 in FIG. 8. 

FIG. 10 is a perspective vieW of a sliding head portion of 
the head assembly shoWn in FIGS. 6-9. 

FIG. 11 is a cross sectional vieW of the head assembly in an 
unlocked upright position. 

FIG. 12 is a cross sectional vieW of the head assembly in a 
locked upright position. 

FIG. 13 is a top vieW of a vertical restraint assembly as the 
head assembly is encountered by a comer of a translating 
ULD. 

FIGS. 14A-14C are elevation vieWs of a vertical restraint 
assembly engaged With a ULD under various aircraft ?ight 
conditions. 

FIG. 15 is a perspective vieW of a side support rail 
assembled to a plurality of vertical restraint assemblies. 

FIG. 16 is another perspective vieW of the side support rail 
assembly shoWn in FIG. 14. 

DESCRIPTION 

One embodiment of a guide and restraint assembly 10 is 
generally shoWn in FIGS. 3-5. The restraint assembly 10 
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4 
shoWn and described herein is a side restraint con?gured to be 
installed along a cargo deck proximate to a sideWall of a cargo 
compartment of an aircraft. As shoWn in FIG. 3, the assembly 
10 can include a base 20 having a ?rst cavity 22. A head 
assembly 60 can be pivotally or otherWise mounted in the ?rst 
cavity 22. The assembly 10 can also include a roller 30 rotat 
ably mounted in a second cavity 25 in the base. The base 20 
can further include a heel 26. A leaf spring 80 can be posi 
tioned adjacent to the heel 26, and can combine With the base 
20 to de?ne a rail channel 28 therebetWeen. A rail pin 82 
having a handle 84 can extend through the heel 26 and leaf 
spring 80 and across the channel 28. As shoWn in FIG. 4, the 
base 20 can include a plurality of sheer plungers 21 and studs 
24 for mounting the assembly 10 along conventional aircraft 
seat tracks in a manner knoWn in the art. 

As can be seen by comparing FIGS. 3 and 5, the head 
assembly 60 is movable betWeen the erect position shoWn in 
FIG. 3 and a stoWed or overridden position shoWn in FIG. 5. 
As indicated by the bi-directional arroW in FIG. 5, the head 
assembly 60 can rotate in either direction from its erect posi 
tion, and therefore can be overridden by a ULD traveling in 
either of tWo opposite directions. When the head assembly 60 
is in the erect position, the head assembly 60 extends above an 
associated cargo plane (see FIG. 12). As shoWn in FIG. 5, 
When the head assembly 60 is in a stoWed or overridden 
position, the head assembly is received Within the ?rst cavity 
22 of the base 20. In the stoWed position, the head assembly 
60 is positioned beloW an associated cargo plane. As shoWn in 
FIG. 5, the head assembly 60 can pivot about a shaft 29 that 
extends across the ?rst cavity 22. A torsion spring 13 can be 
provided to bias the head assembly 60 toWard the erect posi 
tion shoWn in FIG. 3.As shoWn in FIGS. 3 and 4, a latch 91 of 
a type knoWn in the art can be provided for releasably secur 
ing the head assembly 60 in a stoWed position. 
One embodiment of a head assembly 60 is shoWn in FIGS. 

6-9. As shoWn in FIG. 6, the head assembly 60 can include a 
housing 63 and a head 70. The housing 63 can include one or 
more holes 65 for receiving the shaft 29 (shoWn in FIG. 5) 
such that the housing 63 can rotate about the shaft 29. The 
housing 63 can include a slide channel 67, and the head 70 can 
be slidably disposed in the slide channel 67. Accordingly, the 
head 70 can translate in the channel relative to the housing 63 
as indicated by the bi-directional arroW in FIG. 6. As shoWn in 
FIG. 7, the head 70 can generally include a body 71, a guide 
roller 73, and a restraint member 75. FIGS. 8 and 9 shoW hoW 
the head 70 can be movably disposed Within the housing 63. 
The body 71 can be con?gured to slide Within the channel 67 
in the housing 63 as indicated by the bi-directional arroW in 
FIG. 9. A slot 69 can be provided in the base of the channel 67 
to receive a doWnWardly extending pin 77 on the head 70. The 
pin 77 can move in the slot 69 and cooperate With the ends of 
the slot 69 to establish limits to the sliding movement of the 
head 70 in the channel 67. A spring 79 can be disposed 
betWeen the head 70 and the housing 63 to bias the head 70 
aWay from the housing 63. As shoWn in FIG. 9, the restraint 
member 75 can include a cylindrical portion 76. The guide 
roller 73 can be rotatably disposed on the cylindrical portion 
76. A bushing 19 can be disposed betWeen the guide roller 73 
and the cylindrical portion 76 in order to minimiZe friction 
and facilitate free rotation of the guide roller 73. 
A lock for automatically ?xing the head assembly 60 in an 

active erect position is shoWn in FIGS. 10-12. As shoWn in 
FIG. 10, one or more locking pins 78 can outWardly extend 
from the body 71. The body 71 can also include a spring 
cavity 72 for receiving the spring 79 shoWn in FIG. 9. The 
outer surface of the roller 73 is substantially exposed except 
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for that portion adjacent to the housing 71. An extended 
portion 74 on the restraint member 75 extends above and 
aWay from the housing 71. 

FIG. 11 shoWs the head 70 in a fully extended position 
aWay from the housing 63, as indicated by the directional 
arroW. This is the free state position of the head 70 When no 
external loads are applied to the head 70. When the head 70 is 
urged to the fully extended position by the spring 79, no 
portion of the locking pin 78 on the head 70 extends into an 
aligned opening 17 in the base 20. Accordingly, the head 
assembly 60 is free to rotate betWeen the erect position shoWn 
in FIG. 11 and the stoWed position shoWn in FIG. 5. Thus, if 
an erect head assembly 60 is overridden by a ULD, the head 
assembly 60 can rotate doWnWardly until the head assembly 
60 is received Within the ?rst cavity 22 in the base 20, thereby 
permitting the overriding ULD to pass over the restraint 
assembly 10 Without substantial obstruction. 

FIG. 12 shoWs the head 70 displaced to a fully contracted 
position toWard the housing 63 such as due to contact With a 
compatibly siZed ULD 100, as indicated by the directional 
arroW. In this position, the spring 79 is compressed and the 
locking pin 78 on the head 70 is received in an aligned 
opening 17 in the base 20. Once engaged in the aligned 
opening 17, the locking pin prevents the head assembly 60 
from rotating aWay from its erect position. Accordingly, once 
contact is made With a compatibly siZed ULD, the head 
assembly 60 remains erect and is available to guide the ULD 
100 in its cargo lane as the ULD 100 is moved to or from its 
stoWed position. The roller 73 facilitates guided movement of 
an engaged ULD 100 as the ULD 100 moves relative to the 
head 70. 

FIG. 13 shoWs a compatibly sized ULD 100 as the ULD 
100 approaches and makes initial contact With the head 
assembly 60. In FIG. 13, the restraint assembly 10 is station 
ary, and the ULD is moving in the direction indicated by 
arroW 121. As initial contact is made betWeen a leading edge 
102 of an approaching ULD 100 and the head 70, the head 70 
is de?ected aWay from the ULD 100 in an outboard direction 
that is transverse to the direction of movement 121 of the 
approaching ULD 100. As shoWn in FIG. 12, such de?ection 
of the head 70 causes the locking pin 78 to engage the aligned 
opening 17 in the base 20, thereby locking the head assembly 
60 in an erect position and facilitating maintained guiding 
engagement betWeen the head 75 and the ULD 100. 
As shoWn in FIG. 14A, once the head assembly 60 is 

engagedWith a ULD 100, the spring 79 (not shoWn) biases the 
head 75 toWard the edge of the ULD 100. As shoWn in FIG. 
14B, even if ?exure of a cargo deck acts to pull the base 20 and 
housing 63 of the restraint assembly 10 aWay from the ULD 
(as indicated by directional arroW 111), the spring-loaded 
head 75 is able to attenuate in an opposite direction such that 
overlap betWeen the head 75 and the ULD 100 and vertical 
restraint of the ULD 100 is maintained. As shoWn in FIG. 
14B, overlapping engagement of the head 75 With the ULD 
100 can be maintained even When contact betWeen the ULD 
100 and the roller 73 is lost. In addition and as shoWn in FIG. 
14C, if ?exure of a cargo deck acts to push the base 20 and 
housing 63 toWard the ULD 100 (as indicated by directional 
arroW 113), the spring 79 alloWs the head 75 to retract Within 
the housing 63 in an opposite direction, thus preventing 
potentially substantial loads from being transferred through 
the head 75, housing 63 and base 20 to a supporting ?oor 
structure. In addition, one or more of the housing 63, head 75 
and associated hardWare can be constructed such that one or 
more of these components resiliently ?exes When the spring 
79 is fully compressed and the head 75 is fully retracted 
Within the housing 63, thus further minimiZing the magnitude 
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6 
of interference-generated loads transferred through the base 
20 to a supporting ?oor structure. In FIGS. 14B and 14C, the 
extents of the relative displacements betWeen the head 75 and 
housing 63 are exaggerated for the purpose of illustration. 

FIGS. 15 and 16 shoW a side support rail 200 assembled to 
and betWeen a plurality of retainer assemblies 10. As dis 
cussed above, the particular embodiment of the retainer 
assembly 10 described above is con?gured to be mounted to 
a cargo deck proximate to sideWall of a cargo compartment. In 
order to provide restraints immediately adjacent to such a 
sideWall, a support rail 200 having a plurality of side restraints 
211 can be mounted to and betWeen a series of previously 
installed restraint assemblies 10. The support rail 200 can be 
positioned in the rail channels 28 betWeen the bases 20 and 
the leaf springs 80 of each restraint assembly 10. Rail pins 82 
like those shoWn in FIGS. 3 and 5 can be inserted through the 
rail 200, thus securing the rail 200 in a substantially ?xed 
position along the sideWall. The leaf springs 80 are con?gured 
to bias the rail 200 and side restraints 211 in an inboard 
direction, and to permit at least some attenuated movement of 
the guide rail 200 and side restraints 211 under the same types 
of cargo ?oor de?ections discussed above for the attenuating 
head 75, as indicated by the bi-directional arroWs in FIGS. 15 
and 16. Accordingly, the restraint assembly 10 described 
above can be used to provide restraints at tWo different posi 
tions: an overrideable and attenuated vertical restraint at an 
inboard position, and an attenuated ?xed restraint at an out 
board position. 
The above descriptions of particular embodiments of the 

invention are intended to describe various features and 
aspects of the invention Without limiting the invention to the 
speci?c embodiments described. Persons of ordinary skill in 
the art Will understand that certain changes and modi?cations 
can be made to the described embodiments Without departing 
from the invention. All such changes and modi?cations are 
intended to be Within the scope of the appended claims. 
What is claimed is: 
1. An aircraft cargo restraint comprising: 
(a) a base con?gured for attachment to a cargo deck; 
(b) a housing rotatably mounted to the base about a ?rst 

axis and being movable betWeen an erect position and a 
stoWed position; and 

(c) a head movably disposed in the housing, the head being 
movable betWeen an extended position and a contracted 
position in directions that are substantially parallel to the 
?rst axis; 

(d) a lock con?gured to releasably secure the housing in the 
erect position When the head is in the contracted posi 
tion, and to permit movement of the housing from the 
erect position to the stoWed position When the head is in 
the extended position. 

2. An aircraft cargo restraint according to claim 1 further 
comprising a ?rst biasing member that biases the housing 
toWard the erect position. 

3. An aircraft cargo restraint according to claim 2 further 
comprising a latch con?gured to releasably secure the hous 
ing in the stoWed position. 

4. An aircraft cargo restraint according to claim 1 further 
comprising a biasing member that biases the head toWard the 
extended position. 

5. An aircraft cargo restraint according to claim 1 Wherein 
the lock comprises a pin on the head that is received in an 
opening in the base When the housing is in the erect position 
and the head is in the contracted position. 

6. An aircraft cargo restraint according to claim 1 further 
comprising a leaf spring con?gured to resiliently clamp a side 
support rail to the base. 
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7. An aircraft cargo restraint according to claim 1 further 9. An aircraft cargo restraint according to claim 1 further 
comprising a side cargo restraint secured to the base. comprising a guide roller rotatably disposed on the head. 

8. An aircraft cargo restraint according to claim 1 further 
comprising a roller rotatably mounted to the base. * * * * * 


